ABSTRACT
Introduction
larch (Larix spp) belongs to Larix Pinaceae and is a useful pioneer species for the re-forestation of low areas (1) .
Molecular markers are valuable tools for studying genetic variation and constructing genetic linkage maps, and for research on quantitative trait loci (qtl) . to the best of our knowledge, genetic maps of 40 species of 13 genera of larch have been constructed using molecular markers due to rapid development in genetic mapping research. the appearance of polymerase chain reaction (PCR), random amplified polymorphic DNA (RAPD), amplified fragment length polymorphism (AFlP), simple sequence repeat (SSR) analyses, etc. has provided more effective techniques for constructing genetic maps. the genetic maps of most forest trees have been constructed using RAPD markers. RAPD is based on PcR, and is suitable for mapping various populations by using arbitrary primers and few templates. RAPD is widely used to study forest genetics and breeding, and offers the opportunity to construct genetic maps. the method is rapid, and simple; however, it lacks repeatability and stability. therefore, a stable reaction system is necessary which is applicable for mapping multiple populations in a more random way and with fewer templates and is useful for promoting genetic map construction (5, 17, 24) . hence, the present paper describes the construction of a genetic map of larch, using RAPD markers, for markerassisted selection of useful traits (growth, flowering and seed production) and quantitative trait loci expression. construction of genetic map with other molecular markers will be continued in future.
the Pinaceae has few chromosomes, but its genome is large (n=12) (9, 26) which makes it difficult to genetically map. The number of Larix kaempferi and Larix gmelini chromosomes were both 2n=2x=24.
Arcade et al (1) have already constructed a genetic linkage maps of the european larch (Larix decidua Mill.) and the Japanese larch (Larix kaempferi (lamb.) carr.) using AFlP, RAPD and iSSR markers in 2000, but the chinese larch genetic map construction has not been reported until now. A genetic map can provide useful information to shorten breeding time and speed up the breeding process. hence, we used the hybrid F 1 population of two larch species and used pseudo-testcrossing to construct the genetic map of Larix kaempferi and Larix gmelini, using RAPD markers for gene loci detection, quantitative character expression and trait controlled gene mapping and marker-assisted selection of useful traits (growth, flowering and seed production).
Materials and Methods
Plant material and DNA extraction higher genetic variability was found in Larix kaempferi (female, originating from the central mountains of honshu, Japan) and Larix gmelini (maternal, originating from linkou county, heilongjiang Province). the progeny was from qingshan forest farm planted in 1980 in linkou county, heilongjiang Province. the mapping population consisted of 145 F 1 individuals derived from a controlled cross between L. kaempferi as the female parent and L. gmelini as the male parent. the conifer sample (parents and progenies) for the mapping population was acquired in 2009. total genomic DnA was extracted from needle samples using the Plant Genomic DnA Kit (tiAnGen, china). Measured growth traits included tree height, diameter, crown width, and volume, and wood specific gravity, tracheid length, tracheid width, and tracheid length to width ratio were also recorded. the saturated water content method (21) was used to measure density, and tracheid length and tracheid Width were assessed using the nitric acid chromate method (21) , and measured by Motic optical microscope.
RAPD-PCR
Reaction mixture (20 µl total volume) for RAPD reaction contained 5U Taq DnA polymerase (Fermentas), 10× taq buffer with Kcl (100 mmol·l -1 tris-hcl, 500 mmol·l -1 Kcl, 0.8% nonidet P40), 50 ng of genomic DnA, 2.75 mM Mgcl 2 , 200 µM of dntPs and 0.3 µM of 0.5 µM base primers. DnA amplification was performed using System 9700 (Gene Amp 9700) under the following conditions: one step of 94°c for 3 min, 40 cycles of 94°c for 50 s, 37°c for 50 s, 72°c for 90 s, and 72°c for 7 min. the bands were visualized with GelRed (BiotiUM, USA), and the reaction products were separated on 1.5% agarose gels.
Primer screening
According to η=1-(1-1/2) n (n-the number of progeny individuals, η-the selection ratio of the testcross loci), we selected the loci showing 1:1 segregation ratio, and the selection ratio was 99.9% in pseudo-testcrossing. DnA samples of 145 individuals (including parents) were PCR amplified by using the adaptive primers and then the markers were scored for their presence or absence in two different data sets according to their parental origin. only clear-cut fragments were recorded and markers with more than 25% missing data were left out of mapping.
Linkage Map Construction and Analysis
Polymorphic bands were evaluated for the presence marked as h (heterozygosis) or absence marked as A (homozygosis) in the F 1 individuals, and the ones that were difficult to judge or deleted were marked as "-". We distinguished the RAPD markers that were in 1:1 segregation ratio to be used for mapping according to χ 2 test [χ 2 0.05 (1) =3.84]. We used JoinMap 3.0 (29), which is widely used for map construction (25) , mapping function (23) for constructing genetic linkage maps, and Mapchart 2.2 (31) for drawing the linkage maps. the actual length of the genetic map was the length of the frame diagram, which was the length of linkage group (more than 3 markers); the total length of the linkage group was sum of linkage group, triplets, and linkage pairs.
QTL Location
qtl analysis was performed using Winqtlcart 2.5 (32), the LOD≥1.5 (28) and tested once every 2cM in the linkage group. composite interval Mapping (ciM) analysis was performed separately on each map using background markers (from both maps) associated with the trait marker (from both maps). ciM includes neighbouring markers and uses the remaining markers as cofactors in order to remove the effects of multiple qtls. the number of markers employed varied from 1 to 5. Significant thresholds (with overall P=0.05) were established using a permutation test (1000 runs) (15) including a permutation of the background markers (11).
Results and Discussion
Primer screening one thousand two hundred arbitrary RAPD primers (Sangon, Shanghai) were assayed on the parents. RAPD has dominant markers which should be heterozygous in one parent, and absent in the other parent. then these were assayed on both 2 parents and a sample of eight progeny individuals. Fragments showing polymorphism between parents and segregation in the progeny were selected for subsequent use on the whole mapping population. And finally we selected RAPD primers whose amplified bands had good repeatability and were stable to use for map construction. 
GtcAGGGcAA S2067 GAGctGGtcc S102 tcGGAcGtGA S2070 GAcGctAtGG S103 AGAcGtccAc S2072 GGGAAccGtc S111 cttccGcAGt S2077 GttcGctccc S116 tctcAGctGG S2109 AcccAGGttG S137
AAcccGGGAA S2149 GtcttccGtc
According to η=1-(1-1/2) n (n-the number of progeny individuals, η-the selection ratio of the testcross loci), we selected the loci showing 1:1 segregation ratio, and the selection ratio was 99.9% in pseudo-testcrossing. DnA samples of 145 individuals (including parents) were PCR amplified by using the adaptive primers and then the markers were scored for their 
RAPD Markers
For map construction we used a total of 210 RAPD primers that showed polymorphism and segregation. A total of 581 loci were identified and the size of bands ranged from 500 to 2000 bp. The segregation of amplified bands by primers S1142 in some F 1 individuals is shown at Fig. 1 . According to the χ 2 test: 435 sites belonged to 1:1 pseudo-testcross separation (216 belong to Larix kaempferi while 219 belong to Larix gmelini) and 46 sites belonged to 3:1 (29 belong to Larix kaempferi while 17 belong to Larix gmelini), while the other 100 sites had segregation distortion among all sites. Among the 581 segregation loci, 294 polymorphic markers (50.6%) originated from the Japanese parent while the other 287 markers (49.4%) were inherited from the chinese parent.
Map Construction the pseudo-testcross separated loci were carried out by twopoint linkage analysis using JoinMap 3.0 with a loD threshold of 3.0 and a recombination threshold of 0.45. the maternal Japanese larch map consisted of 48 linkage markers placed in 5 linkage groups (four or more sites per group), 4 triplets, 6 linkage pairs, and 168 non-linkage markers, and the average map distance was 11.9 cM (Fig. 2) . the paternal chinese larch map consisted of 91 linkage markers in 9 linkage groups (four or more sites per group), 2 triplets, 5 linkage pairs, and 128 non-linkage markers, and the average map distance was 6.1 cM (Fig. 3) . According to the chakravarti method (14) , the genetic map framework length and linkage group total length of Larix kaempferi was 290.1cM and 546.5 cM, respectively, while for Larix gmelini it was 147.7 cM and 262.0 cM, respectively.
Analysis and location of Quantitative Traits
For growth traits, we detected one qtl in every Larix kaempferi tree height, Larix gmelini tree height, and Larix gmelini diameter; in timber characteristics, we detected one qtl in every Larix kaempferi wood specific gravity, tracheid length and tracheid length to width ratio, nine qtl in Larix gmelini wood specific gravity, four QTL in tracheid length, 5 qtl in tracheid width ( Table 2, Table 3 , Fig. 2, Fig. 3) . We obtained 210 RAPD primers (17.5%) from 1200 arbitrary RAPD primers as they showed polymorphism and clear, steady bands between the parents and segregation in the progeny. A total of 210 revealed 581 polymorphic fragments. Each primer amplified between 1 and 7 bands and the average was 2.8, and proved to have good polymorphism of the selection primers. the primers selection ratio was based on the heterozygosity of the species, amplification conditions, primer selection standard and other various factors. there were more bands in this research; this indicated that larch genome size was large and an obstacle in larch genetic mapping. the Pinaceae genome size was much larger which made it impossible for complete sequencing so far (22) . compared to 83 species, the Pinaceae DnA haploid genome size ranged from 5.8 to 32.2 pg (the average was 22 pg), which was six times higher than that of human genome size (3.5 pg) (6), one hundred times higher than Arabidopsis genome size (0.18 pg) (28) , and there was also illustration of the conifer genome 2c=42-46 pg (2) .
A total number of 435 loci (74.9%) were with 1:1 segregation ratio of pseudo-testcross from the total 581 determined loci by χ 2 test (P<0.01), 46 loci (7.9%) were 3:1 ratio and 100 loci belonged to segregation distorted loci. the similar ratio of 3:1 segregation was shown in a map of F 1 individuals derived from a cross between longleaf pine and slash pine using RAPD (5.7%, 247 markers in total). Although it was much less, it could not be used in mapping (used for increasing the markers and map integration). Most forest trees belonged to long-term outcrossing species, which always showed self-incompatibility and inbreeding depression, and their genetic composition was highly heterozygous so that a high segregation distortion of 17.2% was normal. the segregation distortion loci had been reported in a lot of plant mapping (16) and it also existed in conifer species, even in complete and partial diallel crosses. the reason was probably co-migrating bands (especially for a high marker system such as RAPD and AFlP) (4), small research population (30), germinal selection or recessive homozygous lethal genes in hybrids (7, 10, 13) . Also research material such as the segregation distortion ratio of interspecific was more than one of the hybrid intraspecific hybrid (27) , and reasons such as microscopic influence of single parent Plasmon (12) and the structural rearrangement, deletion, insertion, mutation in chromosome hybridization (8) . the serious segregation distortion of RAPD markers in this research may be caused by the relatively large difference between the two parents. the genetic map construction for the Japanese larch in this research was the reported for the second time, while the Chinese larch mapping was for the first time. The mapping population was planted in 1980, so their stable character is beneficial to quantitative characteristics location research. In this study, we got four qtls in female map (Larix kaempferi), twenty-one qtls in male map (Larix gmelini), and the reason may be that the density is different in linkage groups. loD was the most important parameter, and it indicated whether any adjacent locus existed or not with qtl's likelihood ratio's logarithm. there were some debates about how to select loD value; for the different populations, the loD was different, and it was decided to map by population types and the sample size. it was generally in 1.0~3.0 (3, 18, 19, 33) . in theory, the Dh population was best for qtl location, but it was not in the forest, so this was an unsolved problem for forest mapping and qtl location. if the mapping population was greater, the loD could be smaller, and larger sample size required higher loD values. Jianjun h. (20) believed that loD>1 were enough, so in this study, we accepted loD=1.5. qinjun huang (28) in their study "Association Analysis between SSR Molecular Markers and Wood Properties of Populus nigra," also accepted loD=1.5.
Conclusions
Until now, the forest genetic map construction was also using RAPD and other markers. the present maps provide an important framework for future construction of high-density genetic linkage map.
